The circadian organization of living organisms is fully established being a key component the activity of the neuro-endocrinimmune system that maintains the homeostasis. Secondary lymph organs, such as submaxillary lymph nodes and spleen, have been shown to exhibit a 24 h variation in blastogenic proliferative capacity and distribution of B and T subsets, with specific achrophases depending on the parameter studied or the lymphoid organ considered. However, less is known about the thymus. The immune system has been shown to change by calorie restriction, although no information is available about possible effects in 24 h variations. Similar questions can be posed for the neuro-endocrine system. As an example, some data are shown in this article about the effects of calorie restriction on the neuro-endocrin-immune system in growing male Wistar rats. Calorie restriction blunted the circadian secretory pattern of TSH observed in the control group that was characterized by the existence of two peaks at 17:00 or 01:00 h and that explained the low basal metabolic rate of these animals under this experimental condition. Concerning the immune system, the thymus gland exhibited 24 h variations in T, B and immature cells in both control and calorie-restricted male rats, thus confirming the circadian organization of the immune system. Moreover this circadian organization was changed by calorie restriction.
Introduction
Many biological functions repeat 24 h variations during the life span. The rationale for this circadian organization is to keep the equilibrium in response to anticipated changes of the environment. This mechanism generates endogenous signals that act on the cells and physiological systems in the organism to adapt such functions to predictable changes in the environment (Moore-Ede, 1986) .
The most important circadian rhythm of adaptive responses is that of the immune system. Two immune circadian systems have been defined in living organisms that include man: (a) the circulation of T, B or natural killer (NK) lymphocyte subsets in peripheral blood; and (b) the density of epitope molecules (ie CD4 þ , CD8 þ etc) at their surface that may relate to cell reactivity to antigen exposure . Changes in the lymphocyte subset populations also depend on the 24 h variations of the proliferative capacity in immunocompetent organs as well as in the time of day changes in the release and traffic of lymphocytes among the lymphoid organs.
The central nervous system may modulate the circadian activity of the immune system. There are two possible pathways through which the central nervous system could act: one is purely neural -the autonomic nervous system that innervates the lymphoid organs. This pathway has been suspected after demonstrating that sympathetically dennervated and parasympathetically decentralized submaxillary lymph nodes lose the 24 h changes in cell proliferation, which is usually observed in the afternoon in controls (Esquifino & Cardinali, 1994) .
In fact, a number of immunological parameters exhibit 24 h changes in experimental animals and in man (Ratajczak et al, 1992) . For example, macrophage spreading in the CBA mice is significantly lower at the beginning and higher at the end of the dark period, whereas a significant increase in blood T-lymphocytes and helper-induced T-lymphocyte percentages occurs during the dark period (Kurepa et al, 1992) . Besides, body temperature positively correlates with the percentage of B cells, pan-T, helper and suppressor T cells, as well as with absolute numbers of pan-T cells in mice (Ratajczak et al, 1992) . In man circulating NK cells also exhibit a 24 h variation (Bourin et al, 1993) .
Our group has characterized the 24 h changes in cell proliferation, and lymphocyte subsets in the submaxillary lymph nodes and their modulation by peripheral innervation (Esquifino & Cardinali, 1994; Esquifino et al, 2001) and by changes in the secretion of prolactin, GH or ACTH, which are involved in the regulation of the immune function . The effects of an important endogenous chronobiological signal, melatonin, in relation to the immune system activity have also been studied (Cardinali et al, 1999) .
Calorie restriction and the neuroendocrine system
Long-term calorie deprivation (from 25 to 50%), without deficiency in essential nutrients, retards the pathophysiological changes associated with ageing (Masoro, 1995) and also prolongs the life span of several strains of rodents (Good et al, 1986; Lane et al, 1996; Lee et al, 1999) . However, less data are available on the effects of these diets on growing individuals (Schalch & Cree, 1985) . Most data have been obtained using diets containing high levels of protein and low levels of fat administered to adult animals (Venkatraman & Chu, 1999) . Data on growing rats are scant and most are related to manipulation of dietary protein content but there are no data available about fat or carbohydrates (Good et al, 1986) . Simultaneous changes in dietary lipid and carbohydrate percentages have not been studied to our knowledge.
In food-deprived animals, the use of energy has been greatly reduced and plasma levels of several hormones have been altered (Wronska et al, 1990; Brogan et al, 1997) . In this regard calorie restriction in both carbohydrates and lipids was associated with decreased TSH levels around the clock together with a loss of the 24 h variations observed in the control group (Figure 1) . The decrease in this pituitary hormone explained the reduction in the basal metabolic rate. Also a possible hypothalamic effect of calorie restriction that may compromise the synthesis and release of neurotransmitters or neuropeptides involved in the modulation of pituitary hormone secretion has been suggested. In fact the changes in the activity of the hypothalamic pituitary adrenal axis were extensively studied (Giovambattista et al, 2000) . However, changes in other pituitary hormone secretory patterns like prolactin were analysed less.
Calorie restriction and the immune function
The changes in the secretory pattern of the hormones that conform the hypothalamic pituitary adrenal axis, under calorie restriction are well characterized, as well as their associated changes in the immune response (Giovambattista et al, 2000) . Globally, the immune function has been reported to be reduced by calorie restriction (Heresi & Chandra, 1980; Giovambattista et al, 2000) . These data were done in so-called 'basal condition', but to our knowledge there are no data on the effects of calorie restriction on the 24 h organization of the immune system.
In this context, the effect of a 66% calorie restriction on thymus cellularity distribution is discussed. For that purpose, one group of growing male rats were individually housed, having free access to food (control group, AIN-93G, Diets Inc., Pennsylvania, USA) and water and another group were allowed to have free access to 7 g of an unbalanced diet=day (AIN-93G, Diets Inc., Pennsylvania, USA, enriched in proteins and low in fat and carbohydrates; an equivalent diet to 66% food restriction) and water for 4 weeks. Calorie restriction was calculated considering the average of food consumption of the control group, following an anorexic pattern (Nova et al, 2001) .
The thymus presented an increase in T þ cells during the light period until 20:10 h returning to basal levels in the other time points studied in controls (Figure 2) . Calorie restriction decreased the number of T þ cells within the thymus gland during the period studied, but a similar pattern to controls was observed. The number of B þ cells present in the thymus gland was very low. However a 24 h pattern was determined in the control group with maximal values detected at 17:00 and 01:00 h (Figure 2) . Calorie restriction increased the number of B cells in the thymus gland with an increase in the amplitude of the 01:00 h peak. Surprisingly the percentage of immature cells present in the thymus did not exhibit a 24 h pattern, although calorie restriction produced the appearance of a peak at 01:00 h. The T=B index showed a peak at 13:00 h (Figure 2 ) in controls and this peak was blunted and the other time points studied were also reduced by calorie restriction (Figure 2) . These data show that the thymus, like the sub maxillary lymph nodes or the spleen, exhibits 24 h variations in its cellularity, thus confirming the 24 h variations in living organisms to adapt their physiology to predicted variations of the environment (seasonality). The reduction in the T=B index confirms the existence of calorie restriction. The fact that the changes in the index were detected at any time Figure 1 Effects of a 66% caloric restriction, in male growing rats, on plasma TSH levels. Values are given as x AE s.e.m. *P < 0.05 vs control.
Chronobiology of thymus lymphocytes
F Chacón et al S70 point studied may indicate that chronic calorie restriction may change the activity of the endogenous clock. Modifications in glutamate or GABA concentrations by their use for basal metabolic maintenance may be part of the mechanisms to affect the activity of the endogenous clock. Chronobiology of thymus lymphocytes F Chacón et al
